SUMMARY Angiographic clinical correlations were made in 59 patients with prolapsed mitral leaflet syndrome. Eight had nonejection systolic clicks (group 1), 20 had early, mid or late systolic murmurs with or without a systolic click (group II), and 31 had pansystolic murmurs (group III). Isolated prolapse of posterior leaflet (PL) scallops occurred in 42 and 17 had combined leaflet prolapse. The study demonstrated the following: (I) Group II patients usually had isolated PL prolapse with a predominant biscallop involvement while a high incidence of triple scallop prolapse and combined mitral leaflet prolapse occurred in group III. (11) Severe mitral regurgitation and a greater incidence of atrial fibrillation were seen in patients with triscallop prolapse and com-MITRAL VALVE PROLAPSE, a commonly recognized clinical entity, has been the subject of many recent studies. It is now clear that the prolapse can be idiopathic or associated with a variety of underlying conditions such as Marfan's syndrome, rheumatic heart disease, congestive or hypertrophic obstructive cardiomyopathy, secundum atrial septal defect, as well as ischemic heart disease. Idiopathic prolapsed mitral leaflet syndrome (PMLS) presents a varied clinical spectrum ranging from patients with nonejection systolic clicks, with or without a mid-late systolic murmur, to those with a pansystolic murmur of pure isolated mitral regurgitation.
Echocardiography'7 30 and left ventricular angiographyl, 3, 5 6, 8 [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] are useful techniques for confirming mitral valve prolapse. In particular, left ventricular angiography is invaluable for the proper anatomic delineation of the mitral structures involved. The angiographic features of posterior leaflet (PL) prolapse, which is the most common, have been established previously. 20 However, delineation of anterior leaflet prolapse has been hampered by the lack of good angiomorphologic correlative studies. Once angiographicmorphological correlations are established, satisfactory clinical correlations with the angiographic abnormalities can then be made. This paper presents our observations on such correlations in 59 patients with PMLS, 17 of whom had combined anterior and posterior leaflet prolapse.
Methods and Materials Fifty-nine patients with PMLS in whom the mitral prolapse was confirmed by left ventricular angiography were studied. They were divided into three clinical subgroups. Group I contained eight patients who presented primarily with a nonejection systolic click confined to mid-systole. Group II consisted of 20 individuals with an early (six bined mitral leaflet prolapse. Mitral regurgitation was milder in patients with single and biscallop prolapse and, when severe, was associated with ruptured chordae.
(111) ST-T wave abnormalities in the inferior leads were most frequent in patients with isolated PL prolapse.
(IV) Systolic and diastolic asynergy occurred in 41 patients, most frequently in group II but also relatively frequently in group III (19 of 31) . Segmental anterior dysfunction with normal ejection fraction was found in 18 patients, of whom 13 had early anterior wall relaxation.
(V) Patients without asynergy were slightly older than those with it. More in the former group had severe mitral regurgitation and were clinically disabled from it. patients), mid or late systolic murmur (14 patients) with or without a systolic click. Group III contained 31 patients who presented with a pansystolic murmur of mitral regurgitation without a click. All had diagnostic heart catheterization and left ventricular cineangiographic studies. Selective coronary arteriograms were also done in 50 patients. Significant coronary artery disease was documented only in two patients in both of whom coronary disease was considered an associated finding. Hemodynamic measurements were made just prior to angiography. Cardiac output was measured by the Fick method. Pressure recordings were made using a Honeywell multichannel photographic recorder. Left ventriculograms were taken in the right anterior oblique (RAO) projection; in 41 patients, they were also taken in the left anterior oblique (LAO) projection. The latter projection is useful in defining involvement of the anterior leaflet in the prolapse. The left ventriculograms were studied carefully with regard to the following features: (1) the degree and timing of mitral regurgitation; (2) the bulging leaflet, its location, the presence or absence of scalloping of its margin; (3) the time course of events related to the prolapse; and (4) the sequential changes in the left ventricular wall motion to define the location and incidence of left ventricular wall asynergy in both systole and diastole. fig. 2B) . It moves like a hinge door during each cardiac cycle with its fulcrum at the aortic root. In these 24 patients, it assumed its normal closed position during systole showing that it was not prolapsed ( fig. 2C) .
The onset of prolapse occurred very early in systole in 38 of the patients. The scalloped outlines of the bulging PL were continuous and had equal radiographic density in all 42. In addition, the scallops of the PL moved toward the left atrium simultaneously.
Of the 42 patients with PL prolapse, 17 had prolapse of all three scallops of the PL while 20 had biscallop prolapse. In the latter instance, the MS and PMCS were particularly involved. Of five patients with single scallop prolapse, four had prolapse of the PMCS and only one had MS involvement. Thus, prolapse of the PMCS appears to be an almost invariable finding whenever the PL is involved, followed closely in number by prolapse of the MS. This seems to be at variance with our previous observations in patients with severe mitral regurgitation, in whom the prolapse of MS was the most common. 20 The difference is probably explained on the basis that the present study comprises all three groups of patients with PMLS.
Combined Prolapse of Mitral Leaflets
Seventeen patients had combined anterior and posterior mitral leaflet prolapse. A left ventriculogram taken in the LAO projection was available for confirmation in all of them. In each ventriculogram, the anterior mitral leaflet was identified quite easily in diastole separating the inflow and outflow tracts. When its motion was followed into systole, it bulged into the left atriunm in all 17 patients instead of remaining at its normal closed position (figs. 3A and 3B compared to figs. 2B and 2C).
Review of the left ventriculogram taken in the RAO projection in these patients showed distinctive features not present in patients with isolated PL prolapse. These included a temporal dissociation between the prolapsing leaflets with the prolapsing PL scallops moving toward the left atrium first in systole, followed by a second bulge that appeared centrally overlapping the prolapsed middle scallop of the PL. This feature was present in all 17 patients. In eight of them, a distinct cleft of radionegativity, suggesting a discontinuity in outline between the prolapsing leaflets was seen ( fig. 4A ). The prolapsed anterior leaflet invariably overlapped the middle scallop region of the PL; thus when both leaflets prolapsed, the central bulge appeared to have increased radiodensity compared to the lateral bulges caused by the prolapsing commissural scallops of the PL. This sign was noted in four patients ( fig. 5 ). During end systole, when both leaflets prolapsed, the scalloping of their margins became indistinct. This was observed in eight patients whereas none with isolated PL prolapse demonstrated this sign. Of these 17 patients with combined prolapse, 13 had biscallop prolapse of the PL and four had triscallop prolapse.
PROLAPSED MITRAL LEAFLET SYNDROME/Ranganathan el al. Ruptured chordae were observed in three valves (to both leaflets in one, to the PL in one, and to the anterior leaflet in the third patient, fig. 4B ) and two had an anomalous arrangement of their chordal insertions ( fig. 5C ). Histologically, one patient had severe myxomatous degeneration of the affected leaflets. The other five showed increased amounts of mucopolysaccharide material in the leaflet substance but the changes were not florid as in the first. In nine patients with PL prolapse, morphologic observations con- 
Correlation ofSymptoms and Signs
The symptoms and signs are indicated in the mid-portion of table 1. There was no significant difference in the age and sex distribution of the patients with regard to the prolapsed leaflet, although in the combined leaflet prolapse group there were more males than females. Symptoms of syncope, palpitation, and chest pain were noted irrespective of the leaflets or of the scallops of the PL involved. However, the incidence of cardiomegaly and number of patients disabled from severe mitral regurgitation was higher in those with triscallop PL prolapse and/or combined mitral leaflet prolapse.
Electrocardiographic Findings and the Incidence of Arrhythmias
These are shown in the bottom portion of table 1 . Patients presenting with triscallop PL prolapse and combined mitral leaflet prolapse had a high incidence of atrial fibrillation (11 of 17 patients). This arrhythmia seems to be related to the severity and duration of mitral regurgitation. The mitral regurgitation was severe in 12, moderate in four, and mild in only one patient. Ventricular extrasystoles and recurrent ventricular and supraventricular tachyarrhythmias were particularly noted in patients with PL prolapse, although they were also noted on occasion in patients with combined leaflet prolapse. Sixteen patients had syncope as a symptom in this series (one in group I, ten in group II and five in group III). Supraventricular tachycardia was present in three (one occurred after exercise). Frequent ventricular extrasystoles were noted in seven patients, of whom two had episodes of ventricular tachycardia. One of them had severe mitral regurgitation and biscallop prolapse of the PL and was being treated at the time for infective endocarditis caused by streptococcus viridans. While recovering satisfactorily from the endocarditis, however, the patient died in the hospital with a sudden cardiorespiratory arrest. The terminal arrhythmia was not documented. The second patient with recurrent ventricular tachycardia had moderate mitral regurgitation, with a late systolic murmur. She had two documented episodes of ventricular fibrillation requiring defibrillation. The control of the arrhythmia was eventually achieved with propranolol and procainamide. Selective coronary arteriograms were normal in this patient and her heart murmur dated back about 18 years. Of the remainder, one patient had second degree A-V block and one had bifascicular block, but in none of the remaining four could the symptoms be related to any significant arrhythmia or ECG abnormality.
Left Ventricular Wall Motion Abnormalities
Left ventricular wall motion studies revealed left ventricular wall asynergy in both systole and diastole in a number of patients. Two main types were recognized, the first occurring in systole, and the second in diastole ( fig. 6) . A typical sequence of events was easily observed in the majority of patients, especially those with PL prolapse. Quite early in systole, the PL was seen to prolapse and then, as systole progressed, the posterior and inferior walls of the left ventricle contracted quite strongly forming an arched contraction ring. This movement has been described previously and been called the "inferior contraction ring"2" 29 The ejection fraction and percent axis shortening could be calculated from the left ventriculograms in 52 patients. A normal ejection fraction and normal axis shortening were noted in 19 patients of whom 16 A spectrum of left ventricular function was noted in group III patients with pansystolic murmurs. They had a higher incidence of anterior wall dysfunction, as did those with combined mitral leaflet prolapse. Of 18 patients with severe mitral regurgitation, five had a normal EF and contractility, six had anterior segmental dysfunction, one had posterior dysfunction, four had generalized hypokinesis and two had hyperkinetic contraction.
Comparison of Clinical Features of Patients with and without Left Ventricular Asynergy
These results are presented in table 3. The patients without left ventricular wall asynergy were slightly older (P < 0.05) than those with left ventricular asynergy. Moreover, more were clinically disabled from mitral regurgitation (10 of 19). All patients with an electrical several patterns of wall motion abnormality, both in systole and in diastole, in 75 of 87 patients with PMLS.28 Of these, the most frequently observed were those associated with the vigorous contraction of the posterior inferior portion and an early diastolic relaxation of the anterior wall. Our own observations suggest that myocardial asynergy is prevalent in 41 of the 59 patients studied. The incidence of early anterior wall relaxation was higher than the incidence of the inferior contraction ring. Although the incidence of left ventricular wall asynergy was high in patients with early, mid or late systolic murmurs with or without click, it was relatively frequent also in patients with pansystolic murmurs and significant mitral regurgitation (19 of 31) . It was of interest that all patients who had inferior wall ST-T wave abnormalities in the electrocardiogram had mechanical asynergy demonstrated angiographically. Segmental early relaxation has been considered a normal phenomenon by some authors since it has been demonstrated in patients with chest pain and normally contracting ventricles with or without coronary artery disease.2 However, our observations of its occurrence in the region of segmental dysfunction is at variance with their findings (13 of 18 patients with anterior segmental dysfunction). Increasing severity of mitral regurgitation probably brings its own modification of the wall motion. This is suggested by the fact that patients without left ventricular asynergy appeared to be slightly older than those with it while more in the former group had severe mitral regurgitation (table 3) .
The myocardial wall motion abnormality in this syndrome, its relationship to leaflet pathology, and its significance in terms of electrocardiographic findings and a high incidence of arrhythmias and chest pain have still to be defined exactly. Nutter et al., in a study of 26 patients who had only a small incidence of abnormal contraction pattern, considered the regional ventricular dysfunction secondary rather than primary with the basic defect in an abnormal mitral apparatus.29 While this may be true in some patients, our observations suggest that it does not apply to all of them.
In a separate experimental study, we have examined the problem of the relationship of left ventricular asynergy and pathological changes in the mitral valve leaflets and chordae tendineae by inducing thermal injury to the papillary muscles and the underlying left ventricular wall in ten dogs. All dogs had late postoperative left ventriculograms prior to their sacrifice and their mitral leaflets and chordae tendineae were analyzed for acid mucopolysaccharide content. The mitral leaflets of dogs that had normal ejection fraction and asynergy as assessed by the axis shortening measurement had a higher acid mucopolysaccharide content than those of the control dogs and the dogs that had decreased ejection fraction and generalized hypokinesis (P < 0.05) (unpublished observations).
